Summary
Introduction

41
A well-developed locomotion system is crucial in animals from a wide variety of taxa, 42 allowing reactions to environmental changes ensuring survival. Locomotion is generally 43 coordinated by neuronal systems that generate rhythmic neuromuscular activity, which can be 44 either symmetrical or asymmetrical (Zmyslowski and Kasicki, 1982) . Adaptation to different 
50
Caenorhabditis elegans is an excellent model organism for studying adaptive locomotion, as 51 the kinematic parameters of its locomotion behaviour have been well described. C. elegans 52 shows two distinct functional locomotory gaits: swimming in liquids and crawling on dense 53 gels (Gray and Lissmann, 1964; Niebur and Erdos, 1991; Pierce-Shimomura et al., 2008; 54 Cohen, 2010). The nematode occurs in habitats that are characterised by rapid environmental 
64
Depending on the animal species examined, both decreases and increases in locomotor 65 activity have been described in response to limited food supplies (Pirke et al., 1993; Weed et 66 al., 1997; Geng et al., 2007; Teske and Kotz, 2009; Boehm et al., 2010; Gingerich et al., 2010;  
Results
78
Dietary restriction leads to enhanced swimming activity in C. elegans 79 We investigated whether dietary restriction (DR) alters the locomotory rate of C. elegans. Ad by the temperature or low osmolarity (distilled water compared to the physiological buffers
96
PBS and M9 (285-300 mosM)) of the assay medium ( figure 2a, 2b) . In M9 buffer with higher 97 osmolarity > 370 mosM AL and DR worms tended to coil and swam uncoordinately (data not 98 shown).
99
Swimming of AL-fed and DR wild-type worms was also determined as a function of 100 the mechanical load using viscous liquids, in which the worms require greater 101 muscle strength to maintain their locomotory rate (Sznitman et al., 2010 
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Similar crawling responses were observed in our DR worms ( figure 1a, 1b) . In 120 contrast to the results obtained for the swimming gait, our results collectively 121 demonstrated that the crawling gait activity on assay plates was reduced in 122 response to DR and was influenced by food availability during the locomotion 123 assay. Hence, the DR-induced acceleration of locomotor activity is specific for the 124 swimming gait.
125
To characterise the swimming response in greater detail, we investigated wild-type worms at 126 different life stages. Compared to AL-fed worms, L4 larvae (age 48 h), young adults (age 3 127 days) and older adults (age 4-7 days) showed a 31 to 69 % higher BBSF in response to DR 128 (figure 3a). We next examined the effect of re-feeding on locomotor activity. Worms were 129 first grown under standard DR conditions for 72 h and then transferred to AL agar plates (re-130 feeding condition) for additional 24-96 h, before being assayed for swimming activity.
131
Interestingly, the DR-induced acceleration of the BBSF was not completely abolished after 132 72 h of AL re-feeding (figure 3a). As it has been reported that different DR regimes 133 lead to overlapping, but non-identical, responses in C. elegans (Hara et al., 1998) , the 134 effects of starvation on the BBSF were also tested. For L4 larvae and adult worms, we 135 observed an almost linear increase in the BBSF during the first 8 h of starvation (figure 3b).
136
As depicted in figure 3c , the starvation response was slightly greater than the DR response.
137
Taken together, our results demonstrate that L4 larvae and adult worms exposed to different 138 food restriction regimens respond with increased BBSF. To further demonstrate that DR accelerates the BBSF, we used the eat-2(ad465) mutant 143 strain. In eat-2 mutant worms, the pharyngeal pumping rate and ingestion of food are reduced,
144
and this strain therefore serves as a genetic model of DR (Thomas, 1990; Avery, 1993 figure 3d ). In addition, we analysed pept-1(lg1601) worms, which serve as 150 a genetic model of protein restriction (Meissner et al., 2004) . The BBSF of AL-fed adult pept-151 1(lg1601) worms was 26 % higher compared to AL-fed adult wild-type worms (figure 3d).
152
RNAi knockdown of pept-1 (K04E7.2) produced similar results (data not shown Similarly, we found that paralysis was significantly mitigated when dat-1(ok157) worms were conditions (see figure 3d) . Thus, we predict that a reduced protein/amino acid level 274 contributes to augmentation of the swimming rate.
275
Adaptation of locomotor activity in response to food deprivation has been observed in other to starvation (Koubi et al., 1991; Pirke et al., 1993 
2(e1112)II, dop-3(vs106)X, dpy-5(e61)I, eat-2(ad465)II, dat-1(ok157)III, egl-4(n478)IV, lon-
Body bending analysis
347
To quantify the number of body bends, 3-10 nematodes were transferred with a worm-picker
348
(platinum wire) from AL or DR plates onto empty NGM plates to clean worms from bacteria. 
Quantification of the speed of movement and Reynolds number 364
The crawling and swimming speeds of the worms were analysed using the Multi-Worm 
Swimming-induced paralysis (SWIP) assay
383
The N2 wild-type and dat-1(ok157) populations were synchronised via hypochlorite 384 treatment. For each strain, 600 eggs were transferred to AL and DR plates at an OD 600nm = 0.7
385
(1.88 x 10 8 cells were spread). The worms were then cultured at 20°C under standard conditions.
386
The SWIP assay was performed as described in (Hardaway et al., 2012) . Briefly, six to ten Acknowledgements: We thank R. Schnabel for on-going scientific discussions and A.
399
Reinke for high-throughput plating. 
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Adult N2 worms were placed in M9 buffer, PBS buffer or water. N = 3 independent 577 experiments were performed with n = 14-26 worms per condition. *p < 0.05; ***p < 0.001. 
